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Introduction
In preparation for implantation of the blastocyst, decidual tissues consist of a specialized network of cells derived from the endometrium. This cellular network is composed of at least four different cell types: epithelial cells (luminal and glandular), leukocytes, endothelial cells and decidual stroma cells. The latter arise from proliferation and differentiation of endometrial stroma cells under the infl uence of progesterone [Kimatrai et al., 2003] . Endometrial stroma cells are fi broblast-like cells which increase in size and store glycogen and lipids starting on day 23 of the menstrual cycle. Thus endometrial stroma cells achieve an epithelioid phenotype and at that stage of the cycle are called predecidual stroma cells. The latter cells fi rst appear next to the spiral arteries and later build a dense cellular stroma underlying the luminal epithelium [Noyes et al., 1950] . As soon as implantation is successful and pregnancy starts, these cells are called decidual stroma cells.
The morphological changes during decidualization are accompanied by distinct changes in the composition of the cytoskeleton, including changes in microfi laments (actin) and intermediate fi laments such as vimentin and desmin, as well as fi lament-related proteins such as ␣ -actinin. Furthermore, proteins such as cadherins and integrins that are involved in cell-cell and cell-matrix interactions and that are attached to the cytoskeleton undergo dramatic changes in endometrial cells during the menstrual cycle and during differentiation of endometrial stroma cells into decidual stroma cells [MacCalman et al., 1996 , Getsios et al., 1998 , Yoshimura et al., 1998 ]. Finally, decidual stroma cells achieve a contractile myofibroblast-like phenotype characterized by the expression of smooth muscle actin and desmin [Glasser and Julian, 1986, Oliver et al., 1999] . The changes at the morphological level are paralleled by changes in function and protein expression. In cycling human endometrium, decidual cells show a sequence of expression and secretion with relaxin fi rst, then prolactin and fi nally insulin-like growth factor binding protein 1 [Salamonsen et al., 2003] . All these changes are triggered by external factors such as progesterone or cAMP.
The carboxy-terminal LIM domain protein with a molecular weight of 36 kDa (CLP36) is a cytoskeletal component that has been shown to associate with contractile actin fi laments. CLP36 belongs to the family of enigma proteins that contain a C-terminal Lin-11, Isl-1, Mec-3 (LIM) domain [Jurata and Gill, 1998 ] and an N-terminal PSD95, DLG, ZO-1 (PDZ) domain [Harris and Lim, 2001] . PDZ domains are one of the most common protein-interaction domains that are involved in signal transduction and in clustering transmembrane proteins [Fanning and Anderson, 1999] . In addition, many PDZ proteins interact with the cortical cytoskeleton. PDZ proteins bind to actin directly (e.g. afadin) [Mandai et al., 1997] or to other actin-binding proteins, e.g. binding of actininassociated LIM protein (ALP) [Xia et al., 1997] .
The proteins belonging to the enigma family comprise enigma, ENH and cypher/ZASP/oracle, each of which contains three LIM domains [Wu and Gill, 1994; Kuroda et al., 1996; Faulkner et al., 1999] , and Ril, ALP and CLP36, each with one LIM domain only [Kiess et al., 1995; Wang et al., 1995; Xia et al., 1997] . They all interact with the cytoskeleton, and studies have suggested that these proteins play a crucial role in the cytoskeletal reorganization and signal transduction of a variety of cells by binding to signaling proteins and the cytoskeleton. Enigma binds to ␤ -tropomyosin while the others have been shown to associate with ␣ -actinin [Xia et al., 1997; Guy et al., 1999; Zhou et al., 1999; Cuppen et al., 2000; Nakagawa et al., 2000; Vallenius et al., 2000 Vallenius et al., , 2004 .
CLP36 has been demonstrated to bind to ␣ -actinin-1 in resting platelets and upon platelet activation, CLP36 translocates as a CLP36/actinin complex to the newly formed actin cytoskeleton [Bauer et al., 2000] . Moreover, high expression of CLP36 was found in epithelial cells where it is localized to actin stress fi bers via association with ␣ -actinin-1 and -4 [Vallenius et al., 2000] . CLP36 colocalizes with ␣ -actinin-1 at cell-cell contacts in endothelial cells and with the muscle-specifi c ␣ -actinin-2 at cell-cell adhesions in the human myocardium [Bauer et al., 2000; Kotaka et al., 2000] .
To investigate changes in the CLP36-related cytoskeleton during differentiation of endometrial to decidual stroma cells, the expression patterns of CLP36 and ␣ -actinin were studied in endometrial stroma cells from different stages of the menstrual cycle and in decidual stroma cells from the 6th week of gestation until the end of pregnancy. These expression patterns were compared with that of smooth muscle actin, an early marker of decidualization in the baboon [Kim et al., 1998 ]. The intermediate fi lament protein vimentin was used as a control determinant for the mesenchymal origin of decidual cells.
Materials and Methods
Materials
The study was performed on 43 archival tissue samples obtained from women hospitalized at the Department of Obstetrics and Gynecology of the University Hospital RWTH Aachen, Ger-many, during the years 2000-2003. All materials were obtained from the Department of Pathology of the University Hospital RWTH Aachen. Informed consent was obtained from each woman, according to and by approval of the Ethical Committee of the Medical School of the University of Aachen.
Hysterectomized uterine material of 10 normally menstruating women (mean age, 41 years; range, 32-49 years) with large subserous or intraligamentary leiomyomas abutting toward the peritoneal cavity was chosen. Immediately after surgical removal, a representative sample of the normal uterine wall was taken and processed for formaldehyde fi xation. Tissues were dated for the stage of the menstrual cycle according to histological criteria. Among these samples, four were dated as proliferative endometrium, and six were dated as secretory endometrium.
From a total of 33 pregnant women (mean age, 29 years; range, 15-39 years), at least one sample of every gestational week ranging from 6 to 25 postmenstrual weeks of gestation, and one of the 33rd and 38th-40th week, respectively, were taken, and either a specimen of the decidua basalis was obtained at the time of pregnancy termination by Novak curette or the placenta with the attached basal plate was obtained after delivery and used for paraffi n embedding. These women underwent suction termination of pregnancy for psychosocial reasons (n = 10), or underwent induction of delivery because of premature rupture of membranes or intrauterine fetal death (n = 6), fetal chromosomal malformation (trisomy 13 or 21; n = 6) or other fetal abnormalities (congenital muscular dystrophy, left ventricular hypoplasia or skeletal deformity; n = 7) and primary cesarean section because of breech presentation (n = 1, 33rd week). Placentas of the 38th-40th week were taken from uncomplicated pregnancies after delivery (n = 3).
Immunohistochemistry
A sample block of each tissue (20 ! 20 ! 5 mm) was fi xed in neutral phosphate-buffered 4% (v/v) formaldehyde solution for a maximum of 24 h. The samples were dehydrated in a graded series of ethanol and embedded in paraffi n (melting point 52 ° C; Merck, Darmstadt, Germany). Serial sections (5 m) were cut, mounted on glass slides and deparaffi nized using xylene and a graded series of ethanol (10 min each step).
Immunohistochemical staining with monoclonal and polyclonal primary antibodies was performed using a standardized sequence based on the streptavidin-biotin technique for the detection of a biotinylated link antibody. The polyclonal anti-CLP36 rabbit immune serum (dilution 1: 300) was developed and kindly provided by the Institute for Prevention of Cardiovascular Diseases, University of Munich, Germany [Bauer et al., 2000] . The monoclonal mouse anti-actinin antibody, AT 6/172 (dilution 1: 200, using microwave pretreatment), was obtained from Chemicon International (Hofheim, Germany). The monoclonal mouse anti-actin antibody, B4 (dilution 1: 500), was from ICN Biomedical (Costa Mesa, Calif., USA), the monoclonal mouse anti-vimentin antibody, V9 (dilution 1: 70), was purchased from Dako (Glostrup, Denmark). Negative control reactions omitting the primary antibodies or using negative controls for polyclonal antibodies (rabbit immunoglobulin fraction; Dako X0936) or monoclonal antibodies (IgG1-negative control antibody; Dako DAK-GO1) displayed no staining. Following immunohistochemical staining of the sections, the staining pattern was evaluated, and a qualitative scoring system was applied differentiating between different cell types.
Results
CLP36
In endometrium of the proliferative (n = 4) and secretory phase (n = 6), CLP36 immunohistochemistry revealed a weak staining of the luminal and glandular epithelium ( fi g. 1 A, B) . Endometrial stroma cells were not stained. In decidual tissues from weeks 6 to 40 of pregnancy (n = 33), large round-to-ovoid decidual stroma cells close to the uterine lumen or inside the basal plate of the placenta were positively stained for CLP36 ( fi g. 1 C, D). The same tissue areas were positive for vimentin, indicating that these cells are of mesenchymal origin ( fi g. 1 C, D, inserts).
␣ -Actinin
In endometrial stroma cells, little staining was detectable in the proliferative phase ( fi g. 2 A). In the late secretory phase, endometrial stroma cells were weakly stained for ␣ -actinin ( fi g. 2 B). The brush border of the luminal epithelium was strongly stained in the proliferative phase ( fi g. 2 A), but not during the secretory phase and early pregnancy ( fi g. 2 B, C). In pregnancy, decidual stroma cells were very weakly stained ( fi g. 2 C, D).
Smooth Muscle Actin
In endometrium of the proliferative and secretory phase, smooth muscle actin immunohistochemistry revealed staining of the luminal epithelium ( fi g. 3 A, B). Stroma cells were weakly stained. In decidual tissues from weeks 6 to 40 of pregnancy, decidual stroma cells close to the uterine lumen or inside the basal plate of the placenta were positively stained for smooth muscle actin ( fi g. 3 C; D). The same tissue areas were positive for vimentin, indicating that these cells are of mesenchymal origin ( fi g.
C, D, inserts).
A qualitative analysis of the staining patterns of the three proteins in the various cell types of endometrium and decidua is shown in table 1 .
Discussion
Our immunohistochemical study demonstrates that CLP36 is strongly expressed in decidual stroma cells during pregnancy, but not in endometrial or predecidual stroma cells. This expression pattern is paralleled by the pattern of smooth muscle actin, which shows a similar staining pattern compared to CLP36. The decidual stroma cells are also slightly positive for ␣ -actinin.
During the menstrual cycle, CLP36 is only expressed in the epithelia of the uterus, i.e. luminal and glandular epithelium. Expression of CLP36 in endothelial cells [Bauer et al., 2000] and human colon epithelium as well as mouse epidermis [Vallenius et al., 2000] has been described before while localization of CLP36 in reproductive organs has not been reported previously. In endothelial cells, Bauer et al. [2000] have shown that CLP36 is associated with stress fi bers and is involved in migration and contraction of endothelial cells by directing ␣ -ac- tinin-1 to specifi c actin structures such as stress fi bers. Stress fi bers have been proposed to be involved in the assembly of tight junctions in epithelial cells by tethering of tight junction strands via active actin polymerization to form functional tight junctions [Rajasekaran and Rajasekaran, 2003 ]. Thus CLP36 might have functional associations with these processes in epithelial cells. Human endometrial fi broblasts undergo remarkable changes in size and shape as well as in organelle distribution during their transformation into large, round-toovoid decidual cells [Can et al., 1991] . This process begins just prior to blastocyst implantation and is maintained throughout pregnancy. An increase in protein synthesis is paralleled by an increased number of free ribosomes, Golgi cisternae and dilated cisternae of the endoplasmic reticulum [Can et al., 1991] .
Vimentin is one example of an intermediate fi lament protein that is expressed in human endometrial and decidual stroma cells [Franquemont et al., 1991; Can et al., 1995] . Expression of vimentin increases during decidualization, and it persists during pregnancy [Glasser and Julian, 1986] .
Recently, it has been demonstrated that human decidual stroma cells express ␣ -smooth muscle actin and show similarities with myofi broblasts [Oliver et al., 1999] . The contractile activity of decidual stroma cells is inducible by transforming growth factor-␤ , platelet-derived growth factor and interleukin-2, thus supporting the theory of myofi broblast-related cells [Kimatrai et al., 2003] . Contractile stress fi bers are composed of about 20 proteins including ␣ -smooth muscle actin, actinin, vinculin, vimentin, and pan-myosin [Katoh et al., 1998 ]. CLP36 is localized to actin stress fi bers via binding to ␣ -actinin [Vallenius et al., 2000] and therefore, might be one of the remaining unidentifi ed proteins of stress fi bers.
Since CLP36 is colocalized with ␣ -actinin at cell-cell contacts in endothelial and myocardial cells it might have a regulatory function at cell junctions by binding the CLP36-linked kinase 1, Clik1, to the cytoskeleton. However, the target protein of Clik1 on the cytoskeleton has not yet been identifi ed. Since CLP36 protein expression shows a similar pattern as smooth muscle actin and persists throughout pregnancy, its function may be associated with the stabilization of cell integrity in decidual Table 1 . Immunohistochemical localization of CLP36, ␣-actinin, and smooth muscle actin in the non-pregnant human endometrium and in decidua stroma cells rather than playing a role in their differentiation. Our results support the hypothesis of a dynamic regulation of cytoskeletal elements during decidualization and an essential function of the development of a specialized cytoskeleton in decidual stroma cells.
